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PALEOECOLOGICAL STUDY OF TAIWAN (5>-TOUSHE BASIN«> 

Shu-Yue Huang«> and Tseng-Chieng Huang<»> 


Abstract: In order to investigate the vegetatiohal history, paleociimalic 
changes and the activity of early man in Central Taiwan, the Toushe 
Basin was selected as a site for palynological study. 

From the sediments extending down to 82 m and through 31 m of thick 
peat, 40 samples were taken for this study. The palynomorphs were 
extracted by chemical deflocculalion, then permanent slides were prepared 
by sealing with paraffin. Based on the examination of the permanent 
slides, a hypothesis for the vegetational history and past climate is pro¬ 
posed as follows: 

A warm temperate period has prevailed in this area ever since the 
formation of the lake. Except for scanty pollen zones such as Zone A 
(8200-7100 cm). Subzone Cl (5900-5300 cm), Subzone C3 (5150-4800 cm) 
and Subzone C5 (4200-3900 cm), successive series of plant communities 
have been found as follows: starting at a depth of 71 m, we find that 
Subzone B1 (7100-6750 cm), has a QuercusSymplocos-Pasania-Alim Sissociaiion, 
Gramineae-Compositae-r/pAa subassociation; Subzone B2 (6750-5900cm), 
Querau-Pasanio-AlnusSalix-Carpinus association, Gramineae-Cyperaceae 
subassociation; Subzone C2 (5300-5150cm), Pasaido-Quercus-MyricorSymplocos 
association, Gramineae-Cyperaceae subassociation; Subzone C4 (4800-4200 
cm), Pasania-Quercus-Myrica^ymplocos-Ugustrum-Engelhardtia association, 
Gramineae-Cyperaceae subassociation; Subzone C6 (3900-3100cmX Pasania- 
Quercus-Myrico-Symplocos-llex-Scdix-Engelhardtia association, Gramineae- 
Cyperaceae subassociation; Subzone D1 (3100-1600cmX Alrm-Symplocos 
association, Gramineae-Cyperaceae subassociation; Subzone D2 (1600-1350 
cm), Alnus-Symplocos-Ligustrum-Ilex association, Gramineae-Compositae 
subassociation; Subzone D3 (1350-975 cm), Pasam'a-Quercus-Alnus-Symplocos- 
llex-Sdix-Ulmnccie-Mallotus association, Gramineae-Cyperaceae subassocia¬ 
tion; and Zone E (975cm-surfacc), Uquidairibar-Mallotus-Pinus-UlnmlZetkova 
association, Gramineae-Cyperaceae subassociation. 

From the evidences of charcoal at 670 cm (ca. 3850 years B. P.X and 
wood fragments with burning traces at 580 cm (ca. 3400 years B. P.) and a 
steep rise in deposition rate of sediments since 4500 years ago, we suggest 
that early man may have come into this district to clear the forest as 
early as 4500 years ago. 


INTRODUCTION 

Toushe Basin, situated in Yuchih Hsiang of Nantou County, Taiwan, RCX:, at longitude 
120*53' East and latitude 23*49' Nonh (Fig. IX has been a lake since the Pleistocene, and 
now is a basin belonging to the Puli Basin Group. The Basin, 0.1 square kilometers in area 
and about 650 ra above sea level, is surrounded by mountains which are higher than 1000 m 
(Fig. 2) (Lin, 1964). 
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Much rice is grown in this basin. Floating plants as Lemna spp. are abundant in the rice 
fields, and some marsh plants such as Commelina spp., Uydrocotyi sp., Juncus wallichiiirms, 
Monochoria vaginalis, Najas graminea. Polygonum sieboldii, Potamogeton spp.. Ranunculus cantoniensis, 
Roripa sp., Sagitiaria sagitifolia, Typha angustifolia, and other plants belonging to the Onagraceae 
and Compositae growing along the paths between the rice fields. Secondary forests and plant¬ 
ation forests are on the surrounding mountains (Liu & Liu, 1956). 

Under the Cho-shui and Ta-tu river valley project in Environmental and Anthropological 
Research supponed by National Science Council, many cores at Toushe, Sun-Moon-Lake and 
Waichiataoken were drilled for pollen analysis. 

Tertiary slates lay under the sediments of this ancient lake unconformably. Eight borings 
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were made down to the slate zone in Toushe Basin (Fig. 2\ but the sediments of NTU No. 1 
were taken for pollen analysis in order to trace the vegetational history and the paleoclimatic 
change. With the use of C‘« dating and the macrofossils found within the sediments, it is 
hoped that it will be possible to suggest when early man began to live in this district. 
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MATERIALS AND METHODS 

The sediment was drilled with a piston boring machine down to a depth of 82m. A 2g 
dry weight soil sample was taken at every two meter interval. But if different types of sediment 
were found within this two meter zone, further samples were taken, altogether 40 samples were 
chosen. And several samples were selected for C‘* dating. 

The fossil palynomorphs were extracted by the method of Chung & Huang (1972a), but 
clay and sand were treated with 47% HF and 10% HCL at 70*C before treatment with 10% 
KOH. Slides with single grain mount and whole mount were prepared. A minimum of 500 
grains per each sampled zone (excluding spores and the pollen grains of aquatic plants) was 
counted, except for the sediments at the depths of 4080 cm, 4850 cm, 5600 cm and below 
7100 cm, less than 100 grains were counted. 

The Olympus Photomax Microscope was used for observation and taking photographs. 
The references used for identification are: Boulouard & Delauze (1972), Chen & Huang (1974), 
Heusser (1971), Huang (1972), Kremp & Kawasaki (1972), Miyoshi (1966) and Tschudy & 
Scott (1969). 


RESULTS 

More than 40,000 microfossils were obser\ed (Table 1), and the frequency of spores and 
pollen grains was shown in Table 1. The taxa found in this study are as follows: 

A. Bryophytes 

1. Phaeoceros laevis PI. 3, Fig. 1. 

2. Sphagnum PI. 3, Fig. 2. 

B. Pteridophytes 

1. Davalliaceae {Davallia) PI. 1, Fig. 3. 

2. Dennstaedtiaceae (Hypolepis) PI. 1, Fig. 4. 

3. Gleicheniaceae {Dicranopteris) PI. 1, Fig. 5. 

4. Lycopodiaceae (Lycopodium cernuum, L. cf. serratum) FI. 1, Fig. 6. 

5. Ophioglossaceae (Ophio^ossum vulgaium) FI. I, Fig. 7. 

6. Parkeriaceae (Ceraiopteris thalictroides) PI. 1, Fig. 8. 

7. Polypodiaceae {Lepisorus, Pyrrosia) PI. 1, Fig. 9. 

8. Pteridaceae (Pteris) PI. 1, Fig. 10. 

9. Schizaeaceae (Lygodium microphyllum) PI. 1, Fig. 11. 

10. Selaginellaceae (Selaginclla cf. mollendorfii) PI. 1, Figs. 12-13. 

C. Conceniricysies PI. 4, Figs. 1-2. 

D. Gymnosperms 

1. Cupressaceae (Juniperus). 

2. Pinaceae (Pinus, Tsuga) PI. 2, Figs. 1-2. 

3. Podocarpaceae (Podocarpus). 

4. Taxodiaceae (Cunninghamia, Taiwania). 

£. Angiosperms (Dicotyledons) 

1. Acanthaceae (Justicia). 

2. Aceraceae (Acer). 

3. Actinidiaceae (Actinidia). 

4. Aizoaceae. 

5. Anacardiaceae (Pistacia, Rhus). 

6. Annonaceae (Fissisti^na). 

7. Apocynaceae (Alyxia, Rauwoljia). 

8. Aquifoliaceae (Ilex) PI. 2, Fig. 3. 
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9. Araliaceae {Schefflera). 

10. Balsaminaceae {Impatiens). 

11. Betulaceae (Alnus, Carpinus) PI. 2, Figs. 4-5. 

12. Carapanulaceae (Campanumoea). 

13. Capparidaceae {Gynandropsis). 

14. Caprifoliaceae (Lonicera, Viburnum). 

15. Chenopodiaceac {Chenopodium). 

16. Compositae (Artemisia). PI. 3, Figs. 8-9. 

17. Cornaceae (Helwingia). 

18. Crassulaceae (Sedum). 

19. Cruciferae (Arabis, Brassica, Capsella, Wasabia). 

20. Daphniphyllaceae (Daphniphyllum). 

21. Ebenaceae (Diospyros). 

22. Elaeagnaceae (Elaeagnus). 

23. Elaeocarpaceae (Elaeocarpus). 

24. Ericaceae (Rhododendron). 

25. Euphorbiaceae (Euphorbia, Glochidion, Macaranga, Mallotus, Phyllanthus) PI. 2, Fig. 6. 

26. Fagaceae (Pasania, Quercus) PI. 2, Figs. 7-10. 

27. Gentianaceae (Crawfurdia, Gentiana, Kymphoides). 

28. Gesneriaceae. 

29. Haloragaceae (flaloragis, Myriophyllum) PI. 3, Fig. 10. 

30. Hamamelidaceae (I.iquidambar) PI. 2, Figs. 11-12. 

31. Juglandaceae (Engelhardtia, Juglans) PI. 2, Fig. 13. 

32. Leguminosae (Acacia, Cassia, Phaseolus). 

33. Loranthaceae. 

34. Lythraceae (Lagerstroemia, Rotala) PI. 2, Fig. 14. 

35. Magnoliaceae. 

36. Malpighiaceae (Hiptage). 

37. Melastomataceae. 

38. Myricaceae (Myrica) PI. 2, Fig. 15. 

39. Myrtaceae. 

40. Nymphaeaceae (Nuphar). 

41. Oleaceae (Fraxinus, Ugustrum) PI. 2, Figs. 16-17. 

42. Pirolaceae (Pirola). 

43. Pittosporaceae (Pittosporum). 

44. Polygonaceae (Polygonum) PI. 3, Figs. 11-12. 

45. Primulaceae (Lysimachia). 

46. Proteaceae (Helicia). 

47. Ranunculaceae (Clematis). 

48. Rhamnaceae (Berchemia, Paliurus, Rhamnus). 

49. Rosaceae (Prunus). 

50. Rubiaceae (Gardenia, Randia, Rubia, Thysanospermum). 

51. Rutaceae (Clausena, Evodia, Zanthoxylum). 

52. Salicaceae (Salix) PI. 3, Figs. 1-2. 

53. Saururaceae (Houttuynia). 

54. Saxifragaceae (Astilbe, Deutzia, Hydrangea, Parnassia, Schizophragma). 

55. Scrophulariaceae (Micrargeria, Torenia). 

56. Symplocaceae (Symplocos) PI. 3, Fig. 3. 

57. Ulmaceae (Celtis, Trema, Ulmus, Zelkova) PI. 3, Figs. 4-7. 
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58. Umbelliferae (liydrocotyl) PI. 3, Figs. 13-14. 

59. Urticaceae (Pilea). 

60. Vacciniaceae (yacdnium). 

61. Vitaceae (Ampelopsis). 

F. Angiosperms (Monocotyledons) 

1. Alismataceae {Sagiitaria). 

2. Araceae (Arisaema). 

3. Commelinaceae. 

4. Cyperaceae PI, 3, Fig. 15. 

5. Gramineae PI, 3, Fig. 16. 

6. Juncaceae. 

7. Liliaceae. 

8. Palmae. 

9. Typhaceae {Typha angustifoUa) PI. 3, Figs. 17-18. 

POLLEN ZONE AND INTERPRETATION 

A pollen diagram (Fig. 3) including C“ dating, significant pollen types and some spores, 
cbaracteristics of sediments and numbers of palynomorphs was constructed. It shows, on the 
basis of dominant pollen types, a clear division into 5 zones; Zone A, Zone B, Zone C, Zone 
D and Zone E. 

Zone A (8200-7100 cm): scanty pollen zone. 

Zone B (7100-5900 cm): Quercus is a dominant tree. The NTP types are present in quantities 
to 32% at the beginning of the zone and rise to a maximum of 60% 
in the middle, then fall to 23% at the end of the zone. It is subdi¬ 
vided into 2 subzones: 

Subzone B1 (7100-6750 cm): Quercus-Symplocos-Pasania-Alnus association, Gnmineae-Composiue- 
Typha subassociation. 

Quercus is the predominant tree accounting for nearly 40% of the grains at first, declines 
rapidly to less than 2%, then rises a little. Symplocos shows an initial rise then decreases as 
Pasania and Alnus increase. In this subzone, NTP types with relative abundance mainly compose 
of Gramineae which rises rapidly from 18% at 7100 cm to a maximum of 46% at 7020 cm, 
then declines a little. A few spores from the ferns, i. e. Dicranopteris, Pteris, Lepisorus are present 
and from the bryophyte Phaeoceros laevis, also the pollen grains from Typha angustifoUa, Com- 
positae and Cyperaceae were observed. Among the spores, Dicranopteris disappeared at the 
end. Other pollen types include l.igustrum. Hex, Salix, Carpinus, Uquidambar, Ulmus/Zelkova, 
Trema and Umbelliferae. This subzone represents a warm temperate forest, a warm and wet 
climate with a tendency toward a subtropical condition. 

Subzone B2 (6750-5900 cm); Quercus-Pasania-Alnus-Salix-Carpinus association, Gramineae-Cyper- 
aceae subassociation. 

Quercus rises continuously up to 28% at 6200 cm, then falls at the end of this subzone. 
Pasania and Alnus are present in medium amounts, but Pasania rises as Alnus falls at the end 
of this subzone. Symplocos declines continuously to less than 2%. Salix and Carpinus increase 
but in the end Carpinus drops. Ligustrum, Ilex, Uquidambar, Lagerstroemia and Umbelliferae 
increase a little. Trtma disappears as Myrica appears. Gramineae declines gradually. Cyper¬ 
aceae rises at first, but falls in the end. Typha angustifoUa, Polygonum and Compositae rise a 
little at the beginning of this subzone then fall. In spores, Lepisorus disappears and Pteris, 
Phaeoceros lae\is fall at first, then are followed by a rise of Selagintlla cf. mollendorfii. The end 
is marked by a rise in the number of Dicranopteris spores. This subzone also represents a warm 
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temperate forest, a warm and wet climate with a tendency to warmer and drier condition. 

Zone C (5900-3100 cm): Pasania rises rapidly and becomes a dominant tree. NTP values are 
low, ranging from 10% to 36»«, except 3700 cm (51%) and 33(X)cm 
(64^i). It forms a closed community belonging to warm temperate 
forest and comprises 6 subzoncs: 

Subzone Cl (5900-5300 cm): scanty pollen zone. 

Subzone C2 (5300-5150 cm): Pasania-Quercus-MyricaSympIocos association, Gramineae-Cyper- 
aceae subassociation. 

Pasania rises continuously to 60% then falls a little. Myrica and Symplocos rise at 0rst 
then decline. Quercus and Pinus rise a little. Ugustrum, IJquidamhar, Carpinus and Umbelliferae 
disappear. Alnus, Hex, Salix, Ulmusl7elkova, Lagerstroemia and Polygonum are present in small 
amounts. Engelhardtia occurs. NTP values are very low, on the average of 16«o. Phaeoceros 
laevis occurs again and Selaginella cf. mollendorfii occurs in small amounts. 

Subzone C3 (5150-4800 cm): scanty pollen zone. 

Subzone C4 (4800-4200 cm): Pasania-Quercus-Myrica Symplocos-Ugustrum-Engelhardtia association, 
Gramineae-Cyperaceae subassociation. 

Pasania^ still in relative abundance, reaches its maximum of 65=^0 at 4450 cm then falls to 
13% at the end of this subzone. Pinus and Tsuga show little peaks in the middle. The values 
of Alnus, Myrica, Symplocos, Ilex, UlmusIZelkova and Umbelliferae are the same as those of 
subzone C|. NTP rises but is still small, on the average of 24%. Pteridophytcs rise at first, 
fall to less than 2% in the middle then rise again at the end. The end of this subzone is 
marked by the decline of Pasania and the rise of Myrica, Ugustrum and Polygonum. 

Subzone C5 (4200-3900 cm): scanty pollen zone. 

Subzone C6 (3900-3100 cm): Pasania-Quercus-Myrica-Symplocos-Itex-Salix-Engelhardtia associaiion, 
Gramineae-Cyperaceae subassociation. 

Pasania declines occasionally, but still remains a dominant tree. Myrica occurs in medium 
amounts, except at 3700 cm and falls rapidly at the end of this subzone. Alnus and Umbelliferae 
increase occasionally, but is still very low. Hex and Salix rise at first, fall in the middle part 
and rise again at the end. The values of Quercus, Engelhardtia, UlmusIZelkova and Symplocos 
are still the same as those of Subzone C4, but Ugustrum declines. NTP values are still low 
except in 3700 cm and 3300 cm. At 3320 cm, Pinus shows a peak and the values of the spores 
(being mostly unidentified monoletes) are higher than those of the pollen. 

Zone D (3100-975 cm): Alnus, instead of Pasania, becomes a dominant tree. This zone may 
reflect a period of poor soil, represents a warm temperate forest, with 
a warm and dry climate later turning to a wet condition. It is subdi¬ 
vided into 3 subzones: 

Subzone D1 (3100-1600 cm): Alnus-Symplocos association, Gramineae-Cyperaceae subassociaiion. 

This subzone is marked by the sudden rise of Alnus, its expansion to the average of 60%, 
and the decline of other pollen types. But Symplocos, Ilex, UlmusfZelkova and Composiiae rise 
gradually. Myrica disappears in the upper part of this subzone. Pasama and Salix rise occa¬ 
sionally in the middle part. Ugustrum rises in the upper part, Mallotus and Engelhardtia occa¬ 
sionally occur. The values of Gramineae, Cyperaceae, Typha angustifolia and Polygonum are 
low together with a few pteridophyte species such as Davallia, Lepisorus, Lycopodium cf. serratum 
and Pteris, but Gramineae rises gradually in the upper part. Sphagnum appears in the middle 
part for the first time. Ophiof^ossum vulgatum rises in the upper part. This subzone ends 
with the fall of Alnus. 

Subzone D2 (1600-1350 cm): Alnus-Symplocos-Ugustrum-Hex association, Gramineae-Compositae 
subassociation. 

Gramineae rises continuously to a maximum of 71%. Alnus peaks at 1400 cm. Quercus, 
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Symplocos, Ugustrum, Ilex and Compositae decline. Ulmus/Zelkova increases continuously. 
Cyperaceae is present in small amounts as Subzone Dl. At 1400 cm the amount of spores 
being mostly unidentified monoletes is larger than that of pollen, and Davallia, Lepisorus. 
Ophioglossum vulgalum and Sphagnum rise to their ma.xima. 

Subzone D3 (1350-975 cm): Pasania-Quercus-Alnus-Symplocos-Ilex-Salix-Vlmactae-Mallolus associ¬ 
ation, Gramineae-Cyperaceae subassociation. 

This subzone begins with a rise of tree pollen. Alnus declines as Quercus, Pasania, Symplocos, 
Ilex, Salix, Trema, Celtis, VtmusIZelkova, l.agerstroemia and secondary forest species such as 
Mallotus and Liquidambar rise. Gramineae and Compositae decline, but Cyperaceae rises. A 
single grain of Onagraceae appears at 1050 cm. Spores with plenty of unidentified monoletes 
fall at first then rise rapidly to 153% at 1050 cm, and Hypolepis shows its maximum at the 
same time. Darallia declines, Ophioglossum vulgptum and Sphagnum disappear. 

Zone E (975 cm-surface): liquidambar-Mallotus-Pinus-Ulmusl '/.elkova association, Gramineae-Cy¬ 
peraceae subassociation. 

This zone is characterized by the decrease of tree pollen and the increase of non-tree 
pollen. This zone represents the open community, warmer and wet climate. 

All tree pollen except Liquidambar, Mallotus, Pinus and Ulmus/Zelkora declines, but Pinus 
eventually declines. Non-tree pollen mainly Gramineae, Cyperaceae, Compositae and Umbel- 
liferae rises. Polygonum and Typha angustifolia rise in the beginning then fall. Other aquatic 
plants such as Ceratopteris thaliciroides, Myriophyllum and Onagraceae occasionally occur in the 
upper part. Spores decline in middle part then rise in the upper part. Phaeoceros laevis appears 
again. I.ygodium microphyllum shows its maximum at 580 cm. Concentricysies is up to its 
maximum within the whole boring at 180 cm. 

DISCUSSION 

The pollen analysis shows that the Fagaceae prevailed in Zone B and Zone C. In our 
present Taiwan vegetation, the association of the Fagaceae and the Lauraceae forms the 
dominant trees in Broad-Leaved Forest. Thus, the pollen of Lauraceae should be found where 
Fagaceae pollen is a major component in fossil pollen assemblage. The reason for the absence 
of Lauraceae pollen may be that Lauraceae pollen was destroyed by oxidation in pollen 
preservation or by the treatment of chemicals. 

Zone B and Zone C except Subzones Cl, C3 and C5 represent periods of closed com¬ 
munities. Occasionally open vegetation appears within these zones when Gramineae, Cyperaceae 
and Compositae are abundant. Dicranopteris grows on the sunny and dry lands, so the abundance 
of Dicranopteris in the upper part of Zone B may represent a phase of drier condition. 

Zone A, Subzone Cl, Subzone C3 and Subzone C5 with few pollen records being charac¬ 
terized by the mineral deposits, may indicate periods of open vegetation allowing violent erosion 
of mineral soils (Bartley, 1966). 

Subzone Dl. marked by high frequency of Alnus pollen, may reflect a period of colluvial 
soil. Successively Alnus, Ophioglossum vulgatum. Sphagnum and much of Gramineae reveal a 
picture of open vegetational condition and indicate a swamp environment in Subzone D2. In 
Subzone D3, the sharp increase of TP percentages except Alnus pollen and disappearances of 
Ophioglossuny vulgatum and Sphagnum give rise to a rapid development of closed woodland in 
which the Fagaceae is dominant. 

Zone E, began ca. 10000 years B. P. and corresponded to the Holocene, is characterized 
by the decrease of TP and the increase of NTP. Hicks (1971) points out that an anthropogenic 
effect and clearance phases are usually indicated on the pollen diagrams by an increase in 
NTP and a corresponding decrease in TP, together with rise in the values of Gramineae, 
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Plantago, weed species and Pteridium spores. Turner (1964) suggests that grass pollen frequency 
was a rough guide to the extent of clearance. Tsukada (1966, 1967) considers that the abundance 
of grass pollen which is larger than 37 ja may indicate the human activity. But Huang (1974) 
suggests that the grass pollen which is larger than 60/i, may belong to cereals. Thus, there 
is insufficient evidence from the pollen diagram to indicate whether any anthropogenic effect 
exists in Zone E although grass pollen frequency is high. But charcoal at 670 cm (ca. 3850 
years B. P.) and wood fragments at 580 cm (ca. 3400 years B. P.) may reflect the clearance of 
the forest by early man. These periods can be correlated with Tahuan Age (ca. 4000-2700 
years B. P.) and belong to Lungshanoid Cultural Bed (Lin, 1966, 1969). 

From the data of C‘* dating, we estimate the deposition rate of sediments. From 17000 
years ago (1400 cm) to 4500 years ago (780 cmX the deposition rate is about 0.048 cra/year, 
and it is about 0.27 cm/year since 4500 years ago. Perhaps the soil erosion due to the clearance 
of the forest by early man since 4500 years ago is the reason for the big difference of deposition 
rate between these two periods. 

Concentricystes prevailed in the past. In an earlier investigation of lake deposits (Huang, 
1975X it was also reported, thus we suggest that Concentricystes may be an indicator of an 
aquatic environment. Other puzzling fossil spores are shown on Plate 4. At 3320 cm, 1400 cm 
and 1050 cm, the values of spores are much larger than those of pollen. Among the spores, 
most belong to the smooth monolete ones which are identified with difficulty. The significance 
of these unidentified fossils will be known if spores and pollen grains of recent plants including 
algae and bryophtes are well investigated. 

Polygonum and Typha angusti/olia also prevailed in past time. Their changes of amount 
and the occasional occurrences of other aquatic plants may reflect the unstability of lake level. 

The present article is preliminary, and only a few outlines of the investigation have been 
mentioned. We require further data from the pollen analysis and dating from the other 
seven borings in the Toushe Basin to construct a vegetational history, paleoclimatic change 
chart and indicate when early man came into this district. Further attention should be directed 
toward the modern vegetation and the pollen analysis of the subrecent soil. 
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PI. 1. 1. Phaeoceros laevis TS-580-613; 2. Sphagnum TS-1400-608-2 ; 3. Davalliaccac {Davallia) TS- 
70-605; 4. Dcnnstacdtiaccac (Hypolepis) TS-1050-609 ; 5. Glcicheniaceae (IXcranopieris) TS- 
180-603; 6. Lycopodiaceae (Lycoporf/ttm cf. serratum) TS-2970-611; 7. Ophioglossaceae (OpA/og- 
lossum vulgaium) TS-1400-607 ; 8. Parkeriaceae {Ceratopteris thalictroides) TS-180-PL; 9. Poly 
podiaceae (Z^piiom) TS-780-800R; 10. Pteridaceae (P«m) TS-I400-60I; 11. Schizaeaceae 

{LygoJium mieropkyllum) TS-5iO-602-, 12-13. Sclagincllaccac {Selaginella cf. tnolifndorfti) TS 
4600-612. 1-7. 9-10, 12-13, xlOOO; 8. X250; 11, x500. 




PI. 2. 1. Pinaceac (Pimu) TS-3700-1; 2. Pinaccae (Tsuga) TS-1200-6-I; 3. Aquifoliaccae (tlex) 
TS-1050--5I-I; 4. Bctulaceae (Minus) TS-1600-34; 5. Bctulaceae (Carpinus) TS-780-56; 6. 
Euphorbiaccac (Xfallotus) TS-180-64 ; 7-8. Fagaccac (Pasania) TS-I050-27-2 ; 9-10. Fagaceac 
(Qw^rcw) TS-2970-26; 11-12. Hamamelidaccac TS-1200-33; 13. Juglandaccac 

(Engelhardtia) TS-3200-A; 14. Lythraccac (Lagerstroemia) TS-1050-49; 15. Myricaceac 

(Myrica) TS-4200-30; 16-17. Olcaccac (IJgusirum) rS-1770-126. 1, 3-17. xlOOO; 2. x500. 
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PI. 3. 1-2. Salicaccac TS-1050-100-1; 3. Symplocaceae (S>7rp/<H»j) TS-2400-50 ; 4. L'lmaceae 
(Celtis) TS-1050-69-1; 5. Ulmaccae (Trema) TS-1600-54: 6. Ulmaccae (Ulmus) TS-1600-31: 
7. Ulmaccae {Zelkova) TS-2200-66 ; 8. Compositac {Artemisia) TS-2200-29 ; 9. Compositac 
TS-70-32-I; 10. Haloragaccac {Myriophyllum) TS-70-37; 11-12. Polygonaceae {Polygonum) 
TS-2400-65-1; 13. Umbelliferae {Hydrocotyf) TS-2970-128; 14. Lmbelliferae TS-1600-44-2; 
15. Cypcraccac TS-1200-302-2; 16. Gramincac TS-1400-301-3; 17-18. Typhaccac {Typha 
angustifolia) TS-2050-308. 1-18. xlOOO. 
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PI. 4. 1-2. Concentricystes TS-2050-1004-3 ; 3-12. Unknown palynomorphs; 3. TS-70-I005; 4. TS- 
70-1006 ; 5. TS-180-1007; 6. TS-400-AR; 7-8. TS-1600-1008 ; 9. 18-2200-1003; 10-11. TS- 
2400-1001; 12. TS-5300-AL. 1-4,6-12, xlOOO; 5, x500. 



